The Medical Journal of Australia ISSN: 0025-729X 3 June 2013 198 10 546-550 ©The Medical Journal of Australia 2013 www.mja.com.au Research rostate cancer screening using the prostate-specific antigen (PSA) test has been available to asymptomatic men in Australia since the late 1980s; however, substantial uncertainty still remains over the net benefit of early detection.
Based on the trial evidence available to date, 1 routine PSA screening for asymptomatic men is not recommended in Australia; 2 however, access to PSA testing is available and publically subsidised in Australia through the Medicare Benefits Schedule. The Royal Australian College of General Practitioners (RACGP) recommends that general practitioners assist men seeking PSA screening to reach informed decisions by weighing the potential benefits of screening against the inconvenience and harms of biopsies resulting from false-positive PSA test results, as well as the side effects of unnecessary surgery and/or radiotherapy for indolent cancers that currently cannot be reliably distinguished from those of a more aggressive nature. 2 While debate continues about the interpretation of existing trial data in decisions about the PSA screening of asymptomatic men in general, there is a recognition that the trade-off between the potential benefits, harms and financial costs associated with PSA screening may theoretically be more favourable for a subgroup of asymptomatic men who are at elevated risk of prostate cancer. [3] [4] [5] One reason for this is that the positive predictive value (PPV) of a test is greater in high-risk populations, because PPV is a function of not only the test's sensitivity and specificity but also of the prevalence of the condition of interest in the population tested. Another reason is that the absolute benefit of an effective intervention tends to be greater for high-risk patients. 6 No randomised controlled trials (RCTs) have been completed in asymptomatic high-risk men to inform the size of the possible benefits and harms of PSA screening. Observational studies of screening in higher risk groups have not provided definitive evidence about these tradeoffs. 5 Statistical modelling techniques have been used to provide valuable insights about the likely impact of PSA screening on quality of life (QOL) and cost-effectiveness; 7, 8 however, few studies have examined the trade-off between benefits and harms for high-risk populations. 3, 4 Recently updated outcome data from the largest of the PSA screening trials provide an opportunity to improve our understanding of this trade-off as a function of baseline risk through statistical modelling. 9 An improved estimate of the potential net clinical impact and cost of using PSA screening in populations with varying levels of risk is particularly relevant given the discovery of molecular markers that may help classify prostate cancer risk. Risk assessment tools that include these markers appear capable of identifying men with a two to five times increased risk compared with the average. [10] [11] [12] PSA screening in the subgroup of asymptomatic men at very high risk (ie, five times above the average) and those at high risk (two times above the average) may confer an appreciable net benefit in terms of quality-adjusted survival time and be cost-effective. The aim of this study was to use the most recent evidence from RCTs of PSA screening to explore the potential value of using risk assessments to guide the use of PSA screening in practice.
Methods
A decision model that incorporated a Markov process was developed using TreeAge Pro 2009 (TreeAge Software Inc) to estimate the lifetime net benefit and cost of PSA screening versus no screening in a simulated cohort of 50-year-old men. Markov processes were used to model the experience of patients as a progression through a series of discrete health states over a time horizon divided into periods, or cycles, of equal duration. Transition probabilities determined the chance of moving from one health state to Risk assessment to guide prostate cancer screening decisions: a cost-effectiveness analysis P Objectives: To apply the most recent evidence from randomised trials of prostate-specific antigen (PSA) screening and explore the potential value of risk assessments to guide the use of PSA screening in practice.
Design: A decision model that incorporated a Markov process was developed in 2012 to estimate the net benefit and cost of PSA screening versus no screening as a function of baseline risk.
Main outcome measures: Quality-adjusted life-years (QALYs) and costs.
Results: The harms of screening outweighed the benefits under a number of plausible scenarios. Conclusions were sensitive to the estimated quality-of-life impacts of prostate cancer treatment as well as the incidence of cancers not detected by screening tests (poorer prognosis) and those that were detected by screening tests (better prognosis). The base-case incremental cost effectiveness ratio of PSA screening was $168611 per QALY for men with average risk, $73452 per QALY for men with two times the average risk, and $22 938 per QALY for men with five times the average risk.
Conclusions: PSA screening was not found to be cost-effective for men at an average-to-high risk of prostate cancer, but may be cost-effective for men at very high risk. Inexpensive approaches for identifying men at very high risk are needed, as is further research on the size of clinical benefit of early detection in this population. The potential for the costs of risk assessment to be offset by reduced costs of PSA screening also warrants investigation.
another at the conclusion of each cycle. Each health state was assigned a QOL utility weighting (on a scale from 0 to 1) and a cost for health care provision over the cycle. The expected cumulative quality-adjusted survival time and financial costs accrued over the entire process were estimated by summing the health gains and costs incurred over all cycles. The effect on the conclusions of varying the parameter estimates included in the model was explored in sensitivity analyses.
A Markov process employing a 1-year cycle length was constructed to model the policy of PSA screening every 4 years against the policy of no PSA screening (Box 1). The transition probabilities used in the model are summarised in Box 2, together with the ranges applied in the sensitivity analyses.
The model made a distinction between prostate cancers that were detected by screening tests (screendetected) and those that were not detected by screening tests (nonscreen-detected). The results of the European Randomized Study of Screening for Prostate Cancer (ERSPC) trial were used to estimate the incidence of both types of prostate cancer. 9 Incidence rates were age-adjusted based on Australian age-specific incidence figures. We assumed a PSA test sensitivity of 44% and specificity of 92% at a 4 ng/mL cut-point on the basis of previous estimates. 13 Initial estimates of the prostate cancer mortality rate given screendetected cancer, and the corresponding rate given non-screen-detected cancer, were informed by examining the risk profile of patients in the ERSPC trial in light of published prognostic models for localised prostate cancer. 14, 15 Initial estimates were refined by calibrating the model against the results of the ERSPC trial. The 10-year prostate cancer mortality probability was consequently estimated to be 16% for men with nonscreen-detected cancer, and the relative risk of prostate cancer mortality for men with screen-detected prostate cancer was 0.87. Age-specific nonprostate cancer mortality rates were calculated from Australian population statistics.
Each health state was assigned an estimate of the resources required to provide appropriate health care. These costs were estimated from the perspective of the Australian health care system and included the direct health care costs associated with the natural history of prostate cancer. Box 3 summarises costs included in the model, along with the ranges that were applied in the sensitivity analyses.
The net effectiveness of each strategy (PSA screening versus no PSA screening) was quantified in terms of quality-adjusted life-years (QALYs). The average QALYs were calculated by weighting the time spent in each health state by the health-related QOL value (utility) associated with that state, where 0 = death and 1 = full health. We assumed that the effect of prostate cancer (and its treatment) on QOL was equivalent to a decrement of 0.05 in utility averaged over the entire survival period, with a plausible range of 0.00 to 0.10. This range for the decrement in utility was chosen on the basis of evidence from longitudinal evaluations of QOL in prostate cancer. 16 We further assumed that QOL during the 12 months before death from prostate cancer was associated with an additional 0.50 reduction in health state utility. 17 A half-cycle correction was applied in the Markov process when calculating the expected outcomes of the screening and non-screening strategies, and a 5% discount rate was applied to both future costs and benefits.
The model described above was run on three simulated cohorts of 50-yearold men: a cohort with an average level of risk of prostate cancer (ie, risk was age-adjusted but otherwise comparable to that of men enrolled in the ERSPC trial); a second cohort with high-risk of prostate cancer; and a third cohort with a very high risk of prostate cancer. The base-case prostate cancer incidence rates were increased by a factor of 2 for the highrisk simulated cohort and by a factor of 5 for the very high-risk simulated cohort.
Results
For men with an average risk, PSA screening led to an additional 2.7 quality-adjusted life-days (14.3 undiscounted) at an additional cost of $2185, giving an incremental costeffectiveness ratio (ICER) of $291 817 per QALY gained. For the high-risk cohort, PSA screening led to an additional 8.3 quality-adjusted life-days (43.0 undiscounted) at an additional cost of $2519, giving an ICER of $110 726 per QALY gained. For the very high-risk cohort, PSA screening led to an additional 32.9 qualityadjusted life-days (161.2 undiscounted) at an additional cost of $2755, giving an ICER of $30 572 per QALY gained (see Box 4 for detail on the cumulative event rates).
PSA screening was associated with a net gain in QALYs under many, but not all, of the plausible scenarios run in the sensitivity analyses (Box 5). A threshold for effectiveness, beyond which screening was detrimental (ie, leading to a reduction in QALYs), was found in the following scenarios:
• when the utility of prostate cancer (diagnosis and treatment) was set to less than 0.93 for the average-risk cohort, and less than 0.91 for the high-risk cohort;
• for all risk cohorts when the annual reference rate of non-screen-detected prostate cancer given no screening was less than approximately 0.5%;
• for average-and high-risk cohorts when the annual reference rate of asymptomatic (screen-detectable)
prostate cancer was greater than approximately 0.7%; and • for the average-risk cohort when the annual rate of annual rate of death from prostate cancer given nonscreen-detected prostate cancer was less than 1.14%. Sensitivity analyses on financial costs showed PSA screening to always be more costly than no screening. The most influential parameters on the incremental cost of screening included the cost of the PSA testing, the cost of treatment for prostate cancer, the annual rate of non-screen-detected prostate cancer given no screening, the annual rate of screen-detectable prostate cancer and the relative risk of non-screendetected prostate cancer given screening.
Discussion
PSA screening was associated with a net gain in QALYs for all patient risk groups under many, but not all, of the plausible scenarios explored in our model. The harms of screening outweighed the benefits when the inci- 21 ‡ Set to 0 in an additional sensitivity analysis under the assumption that PSA testing could be performed during a routine appointment scheduled for other reasons. § PSA screening cost estimated based on fee for single quantitation and varied up to fee for quantitation of multiple fractions or derived index in sensitivity analysis. ¶ Based on AIHW estimates of the lifetime costs of prostate cancer in Australia, adjusted to reflect that terminal care costs represent 27.7% of lifetime costs. 21 
◆
dence of non-screen-detected (poorer prognosis) cancers was varied towards the lower end of the range tested. For average-to-high-risk groups, PSA screening was also estimated to be harmful when the incidence of screendetected (better prognosis) cancers was estimated at the higher end of the range tested, and when the QOL impacts of prostate cancer treatment exceeded a relatively modest threshold.
PSA screening was not found to be cost-effective for men with an average risk of prostate cancer. We estimated that for a 50-year-old man with average risk, PSA screening would lead to an average additional $2185 per individual screened, with negligible increase in qualityadjusted survival. The cost-effectiveness of screening remained unfavourable for the high-risk cohort at $110 726 per QALY gained, but was considerably more attractive for the very high-risk group at $30 572 per QALY gained. While there is currently no explicit threshold for an ICER at which an intervention is considered cost-effective for funding purposes in Australia, recent MSAC assessments have not recommended public reimbursement for preventative interventions with ICERs well over this amount.
The prostate cancer treatment costs we projected from past data may be an underestimate of future costs, assuming that access to a growing number of newer and more costly pharmaceutical therapies increases over time. The upper limit of the treatment cost estimate used in our sensitivity analysis was chosen to explore the consequence of this uncertainty, and we found that conclusions were unchanged.
Our findings have direct implications for the strategy of providing personalised risk information to the subset of men who are actively seeking PSA screening. 2 Assessing patient family history to identify men at 2-to 3.5-fold increased risk of prostate cancer can be used to identify a group of men for whom PSA screening will provide a greater net clinical benefit; 22 however, our findings suggest that these benefits are not large enough to produce a favourable cost-effectiveness ratio. The use of molecular markers to identify patients at very high risk for more targeted screening is promising. However, critical factors include the prevalence of very high risk markers, the cost of risk assessment and the potential for cost offsets if men identified at average risk are less likely to 23 According to a five-single-nucleotide polymorphisms (SNPs) prostate cancer risk factor model, 11 only 0.3% of men in the control group fell into the very high-risk category (ie, у five times the average risk), while in a 25-SNP model, not even those at the upper 99th percentile of SNP profile distribution reached this level. 12 The costs of testing across the general population to identify a relatively small group of very high-risk men (comprising less than 1% of the general population) will be critical determinants of cost-effectiveness. The current costs of genetic tests such as that for BRCA1 and BRCA2 are relatively high, and thus populationbased testing could not be justified to guide PSA screening.
The cost of providing a risk assessment has the potential to be offset by cost savings if those found to be at moderate levels of risk subsequently choose not to pursue routine PSA screening. The degree of cost offset would be a function of, among other things, the accuracy of the risk assessment tool, the distribution of risk profiles across the target population and the ability of information from a personalised risk assessment to influence patient preferences for PSA screening. Further empirical research is needed on the potential of these factors to offset the cost of personalised risk assessment.
Our analysis uses the most recent evidence from randomised trials of PSA screening to provide a better understanding of the potential impacts on survival, QOL and costs of PSA screening as a function of personal risk. The results of our study are limited by the rigour of the available evidence from randomised trials and do not obviate the need for longer-term randomised trials in higher risk men, 24 or for data from ongoing observational studies such as IMPACT (Identification of Men with a Genetic Predisposition to Prostate Cancer: Targeted Screening in BRCA1/2 Mutation Carriers and Controls), which is evaluating annual PSA screening in men with a BRCA1 or BRCA2 mutation. 5 Although our model suggests that there is potential for PSA screening in very high-risk cohorts, it may underestimate the harms associated with screening if the effect of false-positive PSA test results and biopsies on QOL is not short-lived. Further data are required on the impact of false-positive results and associated biopsies on QOL. Our model does, however, formally synthesise the current available evidence on PSA screening in response to the important clinical question of its potential value in higher risk populations, while incorporating the QOL impact of diagnosis and treatment as well as financial costs in the Australian context.
A major issue applicable to all evaluations of PSA screening is the lack of a reliable test for determining the subset of screen-detected prostate cancers that warrant radical treatment. A test that could reliably distinguish prostate cancers that are both amenable to radical local treatment and likely to be morbid and life-threatening without local treatment would have a favourable impact on the effectiveness and cost-effectiveness of screening.
In conclusion, PSA screening was not found to be cost-effective for men at an average-to-high risk of prostate cancer, but may be cost-effective for men at very high risk. Inexpensive approaches for identifying men at very high risk are needed, as is further research on the size of clinical benefit of early detection in this population and the potential for costs of riskassessment to be offset by reduced costs of PSA screening.
